Abstract-This paper presents a characteristic of lightning electric fields. The lightning electric fields captured by two parallel plats sensor and the characterization for preliminary breakdown pulse (PBP) and first return stroke (RS) were studied. A total of 207 data were recorded and 10 data are selected and been utilized in this paper accordingly. In PBP signal data, time before return stroke, ending time and maximum peak of PBP were analyzed. The time duration between the PBP and the occurrence of RS was obtained as 0.64 ms and 2.61 ms and then compared with results from other researchers. For RS signal data, slow front time, deviation time, RS peak, time to peak, zero crossing time and 10% to 90% rise time were evaluated meticulously and the results were discussed accordingly. Moreover, the statistical correlation between electric field zero times and corresponding rise times was studied.
INTRODUCTION
Lightning is a huge air electrical breakdown that can be categorized into Cloud to Ground (CG), Cloud to Cloud (IC) and Cloud to Air (CA). Theoretically, lightning strike involves a very large and very fast impulse current flowing to the ground, which is in turn produces a corresponding electromagnetic field. Besides that, the existence of large amount of charge in the thundercloud also produces associated electrostatic fields which could be visualized from a device called Parallel Plats.
The lighting strike can be measured by various techniques. For modern measurements of lightning strike research can be divided into five categories as reviewed by Uman [1] . There are spectroscopic measurement, electric current measurement, photographic, electric and magnetic field measurement and also acoustic measurement. On this paper, electric field method was selected to fulfill the characterization analysis.
Due to lack of knowledge of the physical characteristics of such phenomena, these events have already accountable for millions of dollars loss of property as well as aggressively affecting people lives. Lesson learnt, since then the research to understand lightning characteristics and its physical significance has been initiated by various researchers. A progressive works have been done in order to predict the behavior of the lightning so that the rate of loss due to the strike can be minimized or possibly can be avoided in total.
Although there is significant interest in cloud discharged and other transient optical phenomena in the atmosphere, among others, the cloud-to-ground (CG) discharged remains the most remarkable, primarily because it is relatively difficult to study the IC discharged compared to the CG discharged. CG lightning also has a prime status in threating life and property, therefore from a practical point of view (e.g., lightning protection) the study of CG lightning is relatively more important for electrical protection engineers. From data characteristic analysis, the electrical protection engineers can design their relays much easy because they can calculate the overshoot come from lightning voltage.
CG lightning can be further subdivided into four categories, based upon their direction of the initial leader and the polarity of cloud charge lowered to ground. There are downward negative, upward positive, downward positive and upward negative. Uman [1] defines the four categories based upon the direction of the initial leader and the polarity of the charge on the leader, which yields opposite-polarity labels for upward negative and upward positive. A leader can be defined as a self-propagating discharge creating a channel with electrical conductivity on the order of 104 S m −1 (compared to 10 −14 S m −1 for air at sea level).
All CG lightning discharged involves a stepped leader initiated from either the cloud or the ground or a ground-based object, and this leader can carry either positive or negative charge. The propagation of the leader is due to the ionization as known as dielectric breakdown of the air as a result from the high electric field at the tip of the leader. The electric field required for electrical breakdown of dry air between two parallel plane electrodes at sea level is about 3MV m−1 and decreases with decreasing pressure for example in higher altitudes and with the presence of hydrometeors [3] . 
II. LIGHTNING ELECTRIC FIELDS
Since early 1930s, the breakdown process in the cloud discharged has been studied in a structured fashion in order to understand the lightning initiation mechanism. There is another method for considering on lightning effects to visually observe the discharged process of the cloud, some valuable information of the initiation of the process could be provided by the electric field remote sensor.
The study of the remote sensing of lightning cloud discharged can be found in many literatures, among them are Weidman and Krider [4] , Le Vine, [5] ,Cooray and Lundquist [6] ,Villanueva et al., [7] .
Based on previous studies, it was found that large microsecond scale pulses were typically being observed at the beginning of the cloud discharged that could be related to the breakdown process initiation. Detailed analysis of the pulses in the first 10 ms of cloud discharged were performed by Sharma et al. [8] and Bodhika et al. [9] with the absence of the first electric field pulse.. Motivated by their analysis on the pulse duration, zero crossing time, and the rise time, Noor Azlinda Ahmad et al. [10] is then conducted an experiment to include the first electric field pulse of the cloud discharged.
Over the years, various researchers have done reliable works to measure and model various features and effects of lightning discharged with varied success. These works served to improve our understanding of the physical meaning of the lightning processes and the role of lightning in the global circuit.
Different types of lightning discharges produce unique electromagnetic signatures that can be measured and synthesized to obtain an insight into the processes involved in the discharged. Unfortunately, majority of these processes remain poorly understood.
Initial Breakdown, also known as preliminary breakdown pulse (PBP) is a process where the main negative charge and lower positive charge center is vertically discharge within duration of 2 ms to 10 ms, as clarified by Clarence and Malan [12] . Hence, Rakov and Uman [3] state that this observation from distant (tens to hundreds of kilometer) lightning is made typically in a bipolar shape of total duration between 20 us to 40 us with an inter-pulse interval of 70 us to 130 us. In downward negative lightning, this process initiates the initial reader or stepped leader within the cloud.
It is noted, a series of pulses characterizes the initial breakdown process by marking a transition of the initial breakdown to the stepped leader in which can be observed from distant via two electric field waveforms which are wide band [4] and VHF [14] . The high of the parallel plat was adjusted to 1.85 m from the ground. LH 0033 Electronic Buffer Circuit Box was used to limit overvoltage as well as impedance matching. RG58 was also used to connect the parallel plat to the buffer electronic and then to the oscilloscope (Tektronix MS04032), the lengths of the cable are 50 cm and 10 m, respectively. The sampling rate was set to 50 MS s-1 with the total length of recorded waveforms being 200 ms and the trigger level was set at 200 mV. The re-trigger mode was set at 100 ms and the decaying time constant of the buffer was set to approximately 10 ms. Figure 1 shows a typical recorded data electric field vacillations, recorded on 5 June 2013 at 5:32 PM. This is negative cloud-to-ground lightning flash which is instigated by preliminary breakdown pulse within the cloud that includes charges in the field formation, which lead to streamer and then to the return stroke (RS). The B-L (breakdown-leader) model is used to determine the pattern of electric field changes prior the negative cloud-to-ground. 1b and Fig. 1c shows the close up of preliminary breakdown pulses with time frame of 1.5 ms and close up of first return stroke up to signal stable to zero with time frame 525us respectively.
IV. RESULT AND DISCUSSION
The data obtained in Table II could also been graphically visualized as in Figure 2 . This figure shows the results of a characterization of captured fields for first return stroke. Among the results are slow front time, Peak time, zero crossing time, Rise time (10% to 90%), time deviation at 50% of pulse and also the amplitude of the return stroke A total 207 flashes were captured in separated thunderstorm in Serdang, Selangor from Jun until October 2013. A total 10 out of 207 flashes were analyzed and detailed hence divided to two sections. There are preliminary breakdown and first return stroke. In the preliminary breakdown, time before return stroke, ending time and maximum peak of PBP were analyzed and describe in Table  I . From the data in Table I , the time before RS shows that PBP will occurs between 3.61 ms minimum and 16.17 ms maximum. The average time before PBP is 9.774 ms. This time is the most important parameter to the protection electrical engineers in order to design their relays to shield the valuable equipment.
The results also indicates that the time duration of PBP ranging between 0.43 ms and 4.05 ms. It is noted that the range of total duration of PBP obtained by Clarence and Malan [12] is similar to current work which is 2 to 10 ms, however Nag and Rakov [13] in Florida found that, the range of the total time duration is 1.1 to 5 ms. Weidman and Krider [4] and Beasley et al., [14] have both obtained similar results of this total duration which 20 us to 40 us, that is much lower compared to the present work. This discrepancy may be contributed by the difference of geographical region, meteorological and latitude conditions.
The recorded maximum peak amplitude of PBP is in between 0.0560 V/m and 0.6400 V/m. The length of the lightning branches was affected by this amplitude. It also depended on the distance between lightning channel and the parallel plat. This amplitude will increases as the distance between the lightning channel and parallel plat decreases.
In the return stroke the slow front time, deviation time, RS peak, time to peak, zero crossing time and 10% to 90% rise time were analyzed accordingly and the detail of the RS is depicted in Table II. In Table II , it is shown that the slow front will occurs within 3.30 to 8.24 us from the starting point of return stroke. However this result is acceptably differs from Weidman and Krider [15] of 4 us, while Cooray and Lundquist [6] and Master et al., [1] found that it is occurred until 5 us from beginning of return stroke. It indicates that the result obtained by present work is much higher compared with others.
Weidman and Krider [15] and Cooray and Lundquist [16] indicated that the fast transient (rise time) from 10% to 90% peak voltage of the signal was less than 0.2 us and 0.1 us, respectively while current work recorded value is in between 2.92 us to 8.91 us. This is much higher compared to the work done before.
For the cloud to ground discharges, the zero crossing time and the Rise Time are linearly correlated with r 2 =0.7405 as depicted in Figure 3 . Further, the potential gradient of the first pulse of cloud-to-ground discharges is 0.1164. We found that the values reported in this analysis are in good agreement with Sharma et al. [10] and Ahmad et al. [18] . According to these literatures, for pulses from cloud to ground, the correlation coefficient is found to be 0.7 and 0.763 with the potential gradient being 0.63 and 0.31, respectively.
V. CONCLUSION
In this paper, a characteristic analysis on preliminary break-down pulse train and first return stroke of the electric fields in the middle of peninsular Malaysia (Serdang, Selangor) has been presented. A total of 10 from 207 captured signals were analyzed in various aspects. There are preliminary breakdown pulse train which comprise of the time before return stroke, the ending time and the maximum peak of PBP and also the first return stroke comprising of the slow front time, deviation time, RS peak, time to peak, zero crossing time and 10% to 90% rise time. The time duration of PBP is similar with Clarence and Malan work which is in range of 0.64 ms and 2.61 ms. Hence, the slow front and fast transient show a higher value in comparison with previous work by other researchers.
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